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(54) Column treating process and apparatus therefor 



(57) The present invention provides a column treat- 
ing method by use of a distillation column and so on, 
which method enables to effectively remove solid impu- 
rities such as precipitates and polymers contained or 
produced in a treating fluid, and to thereby stably oper- 
ate the column treatment. Solid impurities in a treating 
fluid can be removed by carrying out: step (a) of drawing 
out the treating fluid from a drawing out outlet (1 6) at the 
column bottom of the treatment column (1 0) outside the 
treatment column (10), step (b) of removing solid impu- 
rities from the treating fluid, drawn out in step (a), by a 
strainer (40), and step (c) of returning the treating fluid, 
from which the solid impurities are removed in step (b), 
to a returning inlet (18) of the treatment column, with 
advancing physical and/or chemical treatment of the 
treating fluid in the treatment column (10). 



Fig.l 



Taken out solution 



Treating solution 




Residual solution 
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' Description 
BACKGROUND OF THE INVENTION 

A. TECHNICAL HELD 

[0001] The present invention relates to a column 
treating process and an apparatus therefor. More par- 
ticularly, a subject of the present invention is a column 
treating process by a distillation column and so on, that 
is utilized when producing various chemical products 
and comprises: carrying out physical treatment such as 
isolation of a treating fluid component or chemical treat- 
ment such as reaction, of a treating fluid introduced in 
a column-shaped treating space, namely a treatment 
column; and taking out a formed desired product from 
a column top side by methods such as liquefying after 
evaporating once. 

B. BACKGROUND ART 

[0002] In production processes for various chemical 
products, a column treating process by use of column 
apparatuses such as a distillation column, an absorption 
column and a stripping column is generally adopted in- 
dustrially. 

[0003] In the column treating process, with a liquid or 
gas treating fluid introducing to a treatment column, a 
desired physical or chemical treatment is carried out by 
heating or stirring the treating fluid in the treatment col- 
umn, or affecting a fluid component supplied separately; 
a portion of a fluid after the treatment is moved to an 
upper portion of the column, namely a top column side, 
recovered by liquefying at the column top and taken out 
from the column top side. As the result, the mass above 
treating work can be carried out continuously and stably. 
[0004] In the column treating process like this, accom- 
panied by carrying out the treatment of the introduced 
treating liquid, except for a desired product, impurities 
may be formed by denaturing or polymerizing a compo- 
nent in the treating fluid. The formed impurities like this 
may stay or accumulate in the treating fluid without tak- 
ing out as a desired product. In addition, impurities ini- 
tially included in the treating fluid that is introduced to 
the treatment column also stay or accumulate in the 
treatment column. These impurities are usually apt to 
collect at the column bottom of the treatment column. 
[0005] The impurities staying and accumulating in the 
treating fluid cause problems of: lowering heat-transfer 
characteristics of the treatment column by precipitating 
the impurities as a solid product and attaching to inner 
wall of the treatment column; packing various pipings, 
machines and so on; contaminating a desired product 
with a portion of the impurities; and lowering quality and 
capacity of the chemical treatment that carries out a 
treating solution. 

[0006] The problem is illustrated by a concrete exam- 
ple. (Meth)acrylic acid and esters thereof are purified by 



use of a distillation apparatus comprising a distillation 
column, a heat exchanger and pipings in connection 
with both. 

[0007] In this distilling treatment, polymers formed in 

5 the distillation column and are attached to inner wall of 
the distillation column because (meth)acrylic acid and 
esters thereof are polymerized easily. If the attached 
polymers accumulate, situations such as stopping the 
distillation column also arise. It is necessary to remove 

10 polymers attached to inner wall by breaking up the dis- 
tillation column regularly in order to maintain treating 
quality of the distillation column and to operate stably. 
Therefore, it takes much labor and productivity is 
caused to lower greatly. 

15 [0008] As a method to solve this problem, a method 
that comprises introducing oxygen gas from the column 
bottom for prevention of polymerization in the distillation 
column is disclosed in JP-B-34606/1977 and JP-B- 
61015/1982. A method that comprises taking out 

20 streamed solution falling in a rectifying column, separat- 
ing a polymer in the solution, and circulating the polymer 
into the rectifying column again is disclosed in JP-A- 
239341/1996. 

[0009] Neither the above prior art method that com- 

25 prises introducing oxygen gas nor the above prior art 
method that comprises separating a polymerfrom a fall- 
en reflux solution can remove impurities such as a pol- 
ymer accumulated in a treating solution enough. 
[0010] Though a problem such as stopping a distilla- 

30 tion column or a rectifying column is not caused for a 
short time operation, polymers are gradually produced 
and -attached to: an drawing out pipe for a column bot- 
tom solution, a forwarding pump for a column bottom 
solution, a pipe that columns such as a reboiler com- 

35 prise, a heat exchanger and inner portions of a pipe for 
a long time operation, and it becomes impossible to con- 
tinue distilling because of causing to block soon. Except 
for the polymers produced during the treatment, precip- 
itates such as aforementioned impurities contained in 

40 the treating solution and denatured products produced 
during the treatment, can cause the same problem. Fur- 
ther precipitation and polymerization are increased by 
attaching these polymers and precipitates in the pipes 
and machines. 

^5 [0011] In addition, it can be considered to prevent the 
impurities from intruding into a treatment column by fil- 
trating a treating solution before introducing into the 
treatment column. However this method is not effective 
for impurities that are produced in the treatment column. 

50 Methods of hindering the impurities from being forward- 
ed into a treating apparatus of the next step or prevent- 
ing the impurities from attaching to pipes toward the next 
step can be considered by filtrating the whole of the col- 
umn bottom drawn solution and thereafter forwarding 

55 the solution to the next step. However it is not useful to 
prevent the impurities from attaching in the treatment 
column, and it is difficult to effectively filtrate the column 
bottom drawn solution that contains plenty of impurities. 
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* [0012] These prior treating methods cannot prevent 
solid products from attaching in the pipes and machines 
enough. 

SUMMARY OF THE INVENTION 

A. OBJECT OF THE INVENTION 

[001 3] An object of the present invention is to provide 
a column treating method by use of the aforementioned 
distillation column and so on, which method enables to 
effectively remove solid impurities such as precipitates 
and polymers contained or produced in a treating fluid, 
and to thereby stably operate the column treatment. 

B. DISCLOSURE OF THE INVENTION 

[0014] A column treating process, according to the 
present invention, comprises: introducing a treating fluid 
in a treatment column, carrying out physical and/or 
chemical treatment of the treating fluid in the treatment 
column, taking out a portion of a fluid after the treatment 
from a column top side, and drawing out a residual fluid 
that is not taken out from the column top side but is left 
from a column bottom side. And with advancing the 
treatment in the treatment column, the process further 
comprises performing continuously: 

step (a): drawing out the treating fluid from the col- 
umn bottom side outside the treatment column, 
step (b) of removing solid impurities from the treat- 
ing fluid drawn out in step (a), and 
step (c) of returning the treating fluid, from which 
the solid impurities are removed in step (b), to the 
treatment column. 

[0015] A column treating apparatus, according to the 
present invention, which carries out the column treating 
process and comprises: 

a treatment column, in order to carry out the treat- 
ment of the treating fluid in the treatment column, 
an introducing inlet, placed in the treatment column 
in order to introduce the treating fluid, 
a taking out outlet, placed on the column top side 
of the treatment column in order to take out a portion 
of the fluid after the treatment, 
a treating fluid circulating route, placed on the col- 
umn bottom side of the treatment column in order 
to draw out the treating fluid in the treatment column 
outside the treatment column and to return the treat- 
ing fluid again to the treatment column, and 
an impurities-removing portion, placed in the circu- 
lating route in order to remove the solid impurities 
from the treating fluid. 

[0016] These and other objects and the advantages 
of the present invention will be more fully apparent from 



the following detailed disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0017] Fig. 1 is a structural view of a treatment appa- 
ratus of a mode for carrying out the present invention. 
[0018] Fig. 2 is a structural view of a treatment appa- 
ratus of another mode for carrying out the present in- 
vention. 

10 

(Explanation of the Symbols): 

[0019] 10: Distillation column, 12: Introducing inlet, 
16: Drawing out outlet, 14: Taking out outlet, 18: Return- 
's ing inlet, 20: Introducing pipe, 22: Taking out pipe, 30: 
Reboiler, 32: Circulating pipe, 40: Strainer, 42: Pump, 
44: Circulating pipe, 52: Forwarding pipe 

DETAILED DESCRIPTION OF THE INVENTION 

20 

(Column Treating Process): 

[0020] A tower-shaped treating apparatus, namely, a 
treatment column can be used so that physical treating 

25 processes such as distillation, absorption .stripping, rec- 
tification, separation, extraction, adsorption, collection 
and other else, or chemical treating processes, or treat- 
ing processes that the physical and chemical treating 
processes advance at the same time, can be carried out. 

30 [0021] Particularly, the process and the apparatus ac- 
cording to the present invention are preferable to use 
for a treatment column to carry out physical treatment, 
and is more preferable to use for a distillation column or 
a rectifying column among the treatment columns to car- 

35 ry out physical treatment. This reason is that: a treating 
fluid is frequently exposed to comparatively high tem- 
perature in the physical treatments such as distillation, 
absorption and rectification, and a solid product is easily 
apt to accumulate in the column, especially at the col- 

40 umn bottom side because of polymerizing or burning a 
treating fluid then. Among these, the distillation column 
and rectifying column have portions that easily happen 
to polymerize and to bum, such as a reboiler at the bot- 
tom side, and the solid product is apt to accumulate 

45 most. These treatment columns can be operated stably 
by use of the process and the apparatus according to 
the present invention. 

[0022] A fundamental form of the treatment column 
may be the same as an usual treatment column. 

so [0023] A treatment column in which a treating fluid can 
pass comprises an introducing inlet in order to introduce 
the treating fluid. The introducing inlet is usually placed 
in the middle of the treatment column. However the in- 
troducing inlet can be placed wherever from the column 

55 top side to the column bottom side in compliance with 
treating conditions of the treatment column. The column 
bottom side is used as a meaning of: not only the column 
bottom literally but also including a position lower than 
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* the treatment column compared with the below men- 
tioned taking out outlet, even if the position is on the way 
of a side or middle portion of the treatment column. The 
introducing inlets can be placed at one portion or plural 
portions. 

[0024] The treating fluid is a liquid or a gas. The treat- 
ing fluid includes a treating component comprising inor- 
ganic or organic treating material, a solvent and so on. 
The treating fluid may include a solid product. One kind 
of the treating fluid can be introduced, and plural kinds 
of the treating fluids can be introduced from the same 
introducing inlet or another introducing inlet into the 
treatment column. The treating fluid can be introduced 
into the treatment column continuously or intermittently. 
[0025] The inner portion of the treatment column is: 
entirely vacant, comprising a partition or a guide in order 
to control a stream of the treating fluid, comprising a heat 
exchange mechanism in order to heat or cool the treat- 
ing fluid, a stirring mechanism in order to stir the treating 
fluid, or packed with a solid product to react with the 
treating fluid or to have some effects on. These inner 
mechanisms can be placed in combination with the 
same mechanism structure as that of usual treatment 
column properly according to difference of the above 
treatment to treat the treating fluid. 
[0026] As an equipment attached to the treatment col- 
umn, a reboiler and so on can be equipped outside the 
treatment column. The reboiler circulates the treating 
fluid in the treatment column and controls temperature 
of the treating fluid. 

[0027] A taking out outlet in order to take out a portion 
of obtained fluid as a result of the treatment to the treat- 
ing fluid, is placed on the column top side of the treat- 
ment column. A desired product to take out may be a 
gas or a liquid. The column top side on which the taking 
out outlet is placed, not only means the column top po- 
sition, but also includes a position from a side portion in 
the neighborhood of the treatment column top to a mid- 
dle portion of the treatment column and means a posi- 
tion relatively close to the column top compared with the 
below mentioned drawing out outlet for a residual fluid. 
Therefore, the column top side can mean a position low- 
er than the just middle position of the entire height of the 
treatment column. The taking out outlets can be placed 
at plural portions such as the top and the middle of the 
treatment column. 

[0028] A drawing out outlet in order to extract a resid- 
ual fluid that remains in the treatment column and is not 
taken out from the above taking out outlet, is placed on 
the column bottom side of the treatment column. The 
residual fluid is abandoned as a waste matter or utilized 
in order to obtain another desired product in the next 
step. The residual fluid is usually a liquid. The residual 
fluid is extracted from the treatment column continuous- 
ly or intermittently. The column bottom side on which the 
drawing out outlet is placed, means a position relatively 
close to the column bottom compared with the attached 
position of the taking out outlet, and does not mean the 



bottom of the treatment column only. 
(Removal of Impurities): 

5 [0029] Except for the treatment column, a treating flu- 
id circulating route is placed on the column bottom side 
of the treatment column in order to draw out the treating 
fluid in the treatment column outside the treatment col- 
umn and to return the treating fluid again to the treat- 

10 ment column, and impurities are removed in this circu- 
lating route. 

[0030] The treatment column has a drawing out outlet 
and a returning inlet for the treating fluid connected with 
the circulating route. Attached positions of the drawing 

15 out outlet and the returning inlet can be properly deter- 
mined in consideration of an operating condition for a 
treating procedure of the treatment column. The draw- 
ing out outlet is preferably placed at the column bottom. 
The returning inlet is preferably placed at the column 

20 bottom side, and at the column bottom or a side close 
to the column bottom, and more preferably at the column 
bottom. The impurities can be removed efficiently by 
drawing out a treating fluid at the column bottom side 
where the impurities are apt to accumulate. A treating 

25 fluid from which impurities are removed is returned to 
the treating fluid having the same component ratios at 
the column bottom side. Therefore, it is difficult to have 
a bad influence on treating in the treatment column. 
[0031] The circulating route can comprise a conven- 

30 tional pipe. The circulating route can comprise a pump 
as a means of flow in order to flow the treating fluid in 
the circulating rout. The larger the circulation amount of 
the treating fluid in the circulating route is, the more ef- 
fectively the impurities can be removed. However, the 

35 amount can be determined properly in consideration of 
amounts and properties of the solid impurities in the 
treating solution. The amount of the treating solution, 
usually 0.05 to 1 00 times weight of residual solution for- 
warded from the treatment column, preferably 0.1 to 20 

40 times, more preferably 0.2 to 5 times, is circulated in the 
circulating route in order to remove the impurities. 
[0032] An impurities-removing portion in order to re- 
move the solid impurities from the treating fluid is placed 
on the way of the circulating route outside the treatment 

45 column. In the impurities-removing portion, the solid im- 
purities are removed from the treating fluid by various 
chemical or physical means adopted as conventional 
chemicals production techniques. Among these, it is 
preferable to use the physical means. The physical 

50 means is frequently more excellent in removing effect 
than the chemical means because the physical means 
can remove the solid impurities directly. Concretely, a 
filtration through a strainer, a filter and so on can be 
adopted. In addition, after introducing the treating fluid 

55 into a thin-layer evaporator, a solution drawn out from 
the thin-layer evaporator is introduced into the strainer 
and the impurities can be removed. After introducing the 
fluid into the strainer, a treating fluid drawn out from the 
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' strainer can be introduced into the thin-layer evaporator. 
[0033] Attached positions of the impurities-removing 
portion is not especially limited if the impurities-remov- 
ing portion is placed on the way of the circulating route 
that the treating fluid passes. The circulating route hav- 
ing the impurities-removing portion can be arranged as 
another route except for the route for drawing out the 
above residual fluid, or can be shared with the drawing 
out route and a portion of the route. As this shared form, 
the circulating route is branched off down stream from 
the impurities-removing portion, and one branched 
route can be connected to the returning inlet of thetreat- 
ment column and the other branched route can be con- 
nected to the drawing out route for the residual fluid. Fur- 
thermore, a portion of the circulating route for the treat- 
ing solution to a reboiler placed as an accessory to the 
treatment column, can be shared with the circulating 
route of the impurities-removing portion. 
[0034] Polymers can be prevented from forming by 
utilizing a polymerization inhibitor when the above treat- 
ment is carried out in the treatment column. Examples 
of the polymerization inhibitor include hydroquinone, 
methoquinone, phenothiazine, copper salts com- 
pounds, manganese salt compound, p-phenylenedi- 
amine compounds, N-oxyl compounds and nitroso com- 
pounds. 

[0035] Treatment by use of the treating column can 
be operated further stably and for a long time by adding 
molecular oxygen into the treating fluid in addition to the 
polymerization inhibitor. The molecular oxygen can be 
supplied at any position of the route thatthe treating fluid 
flows, and example thereof include a pipe before intro- 
ducing into the treatment column, a treatment column 
bottom or side, machines such as a reboiler placed as 
an accessory to the treatment column, a pipe, the impu- 
rities-removing portion, the pipe thereof, and the route 
for drawing out the above residual fluid. 
[0036] The addition amount of the molecular oxygen 
can be determined properly according to a purpose, but, 
for a example, it is desirable that the molecular oxygen 
in the range of 0.1 to 1 .0 volume % per vaporized vapor 
amount of (meth)acrylic acid or ester thereof is added 
in a distillation column for (meth)acrylic acid and so on. 

(Uses): 

[0037] The present invention is applicable to various 
column treating processes that use the aforementioned 
treatment column, for example, is utilized for the below 
mentioned use preferably. 

[0038] The present invention is utilized for treatments 
such as distillation and absorption in a production proc- 
ess for (meth)acrylic acid or (meth)acrylic acid ester. 
Concretely, if the present invention is applied to purifi- 
cation treatments carried out after producing (meth) 
acrylic acid and so on, a problem of forming and attach- 
ing polymers can be solved. 

[0039] A compound to be subjected to carry out the 



above treatment in the treatment column, is not espe- 
cially limited, but a compound easily to form solid impu- 
rities such as polymers is preferably used. Concretely, 
vinyl compounds, among the vinyl compounds, (meth) 

5 acrylic acid and esters thereof to be especially polym- 
erizablecan be preferably used. Examples of the acrylic 
acid ester as a product to be applied, include methyl acr- 
ylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acr- 
ylate, 2-hydroxyethyl acrylate and 2-hydroxypropyl acr- 

10 ylate. Examples of the methacrylic acid ester as a prod- 
uct to be applied, include methyl methacrylate, butyl 
methacrylate, 2-hydroxyethyl methacrylate and 2-hy- 
droxypropyl methacrylate. 



[0040] The column treating process and the appara- 
tus therefor, according to the present invention, enable 
to prevent impurities from attaching to equipped ma- 
chines or pipes of a treatment apparatus and to thereby 
carry out an aimed treatment stably, because solid im- 
purities such as precipitates and polymers produced in 
a treating solution, which is subjected to physical or 
chemical treatment in a treatment column, can effective- 
ly be removed with an impurities-removing portion as 
furnished to a circulating route. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] Amodeforcarrying out the invention illustrated 
in Fig. 1 explains a case applied to distillation treatment 
of (meth)acrylic acid. 

[0042] (Meth)acrylic acid is supplied as a treating so- 
lution consisting of a mixture with other components. 
The treating solution is introduced from a introducing 
pipe (20) to a distillation column (10) through an intro- 
ducing inlet (12). The introducing inlet (12) is placed at 
a side of the distillation column (1 0) around in the middle 
thereof along a vertical direction. 
[0043] The treating solution including (meth)acrylic 
acid is heated in the distillation column (10). A distillate 
that rises in the column by evaporation, is liquefied at a 
column top and taken out from a taking out outlet (14) 
to a taking out pipe (22) . The resultant taken out solution 
includes water, a solvent or (meth)acrylic acid. The tak- 
ing out pipe (22) has a route branched off on the way 
and returned to the distillation column (10). 
[0044] A reboiler (30) is placed below the distillation 
column (1 0). The distillation column (1 0) and the reboiler 
(30) are connected by a circulating pipe (32) that circu- 
lates between both. A treating solution drawn out from 
a drawing out outlet (16) placed at the column bottom 
of the distillation column (10), is introduced into the re- 
boiler (30) through the circulating pipe (32), heated at 
the reboiler (30), thereafter returned to around the col- 
umn bottom of the distillation column (10) through the 
circulating pipe (32). In this manner, temperature of the 



15 (Effects and Advantages of the Invention): 
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• treating solution in the distillation column (1 0) is adjust- 
ed within a definite temperature and distillation is oper- 
ated stably. A treating fluid is spontaneously circulated 
in the circulating pipe (32) by spontaneous convection 
currents caused by heating at the reboiler (30). 
[0045] The circulating pipe (32) branches between 
the drawing out outlet (16) and the reboiler (30), and is 
connected to a circulating pipe (44). The circulating pipe 
(44) is connected to a strainer (40) and a pump (42) suc- 
cessively, and connected to the distillation column (10) 
at a returning inlet (1 8) that placed at the column bottom 
of the distillation column (10). 
[0046] A portion of the treating solution drawn out 
from the drawing out outlet (1 6) of the distillation column 
(10) is forwarded to the circulating pipe (44) by force, 
filtrated through the strainer (40), and solid impurities 
contained in the treating solution are removed, thereaf- 
terthe resultant solution is returned to the distillation col- 
umn (10) through the returning inlet (18). 
[0047] As a result, as to the treating solution in the 
distillation column (1 0), the solid impurities are prevent- 
ed from staying and accumulating, and a problem of at- 
taching the solid impurities to an inner wall of the distil- 
lation column (1 0) and so on is solved. If the solid impu- 
rities are not accumulated in the treating solution in the 
distillation column (10), the solid impurities are not at- 
tached to the reboiler (30) and the circulating pipe there- 
of (32). 

[0048] In addition, the circulating pipe (44) branches 
between the pump (42) and the returning inlet (1 8), and 
is connected to a forwarding pipe (52). The forwarding 
pipe (52) is a pipe for forwarding a residual solution 
treated at the distillation column (1 0) to a next treating 
process. A treating solution in which the solid impurities 
are removed by the above strainer (40) is forwarded as 
a residual solution. As a result, the solid impurities can 
be prevented from being attached to the forwarding pipe 
(52) and forwarding to the next process. 

(Line Applied to Production Process for Acrylic Acid): 

[0049] A line applied to a production process for acryl- 
ic acid, that includes distilling treatment of (meth)acrylic 
acid explained in the above mode for carrying out the 
invention, is illustrated in Fig. 2. 
[0050] The distillation column (10) illustrated in Fig. 1 
is utilized as an azeotropic separation column. The aze- 
otropic separation column (10) and pipings and equip- 
ments in the neighborhood of the column is common to 
that of the distillation column (1 0) in Fig. 1 . 
[0051 ] A storing tank (1 02) is placed on the way of the 
taking out pipe (22) of the azeotropic separation column 
(1 0). The taking out pipe (22) is connected to a column 
top of an acrylic acid collection column (110), and acrylic 
acid is captured there. 

[0052] The introducing pipe (20) of the azeotropic 
separation column (1 0) is connected to a column bottom 
of the acrylic acid collection column (110). The treating 



solution as a raw material, is introduced into the azeo- 
tropic separation column (10) with acrylic acid captured 
in the acrylic acid collection column (110) through the 
azeotropic separation column (10). 

5 [0053] The forwarding pipe (52) of the azeotropic sep- 
aration column (1 0) is connected to a low boiling product 
separation column (1 20) and a high boiling product sep- 
aration column (1 30) successively. The low boiling prod- 
uct and the high boiling product in the residual solution 

10 forwarded from the forwarding pipe (52) are separated 
through the separation columns (1 20, 1 30) respectively. 
[0054] In the illustrated mode for carrying out the in- 
vention, the impurities-removing portion such as the 
strainer (40) is placed only at the azeotropic separation 

15 column (10). However the impurities-removing portion 
can be placed at other treatment columns such as the 
collection column (110), the low boiling product separa- 
tion column (120) and the high boiling product separa- 
tion column (130). 

20 

(Working Examples): 

[0055] Hereinafter, the present invention is more spe- 
cifically illustrated by the following examples of some 
25 preferred embodiments in comparison with comparative 
examples not according to the invention. However, the 
invention is not limited to the below-mentioned exam- 
ples. 

30 <Example1> 

[0056] An acrylic acid solution was distilled by use of 
a distillation apparatus that comprises as shown in Fig. 
1. 

35 [0057] A distillation column (equipped with 40 pieces 
of dual flow trays) having 1 .8 m column diameter, com- 
prises a taking out outlet and a taking out pipe at a col- 
umn top. In the middle of the column, the column is 
equipped with an introducing pipe to which a treating 

40 solution as a raw material is supplied and an introducing 
inlet. Below the column, the column is equipped with a 
circulating pipe that the treating solution circulates and 
a strainer on the way of the pipe. In addition, the column 
is equipped with a vertical shell and tube type reboiler 

45 (inner tube diameter: 30 mm, tube length: 4000 mm, and 
tube number: 310 pieces), and the treating fluid circu- 
lates spontaneously and passes in a tube of the reboiler. 
[0058] A reaction gas included acrylic acid produced 
by catalytic gas phase oxidation of propylene, and an 

50 acrylic acid solution (acrylic acid: 65 weight %, acetic 
acid: 2 weight %, water: 31 weight % and others: 2 
weight %) obtained by absorbing acrylic acid contained 
in the reaction gas into water, was used as the treating 
solution. The treating solution was supplied at the twen- 

55 tieth tray of the distillation column at the rate of 6300 kg 
per hour. 

[0059] Methyl isobutyl ketone was used as a refluxed 
solution and supplied to the column top in the rate of 
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• 8500 kg per hour. 
[0060] The distillation column was operated at oper- 
ating pressure of 150 hPa and at column bottom tem- 
perature of 100 °C, water and methyl isobutyl ketone 
were separated from the column top, and crude acrylic 5 
acid as a residual solution was recovered from the col- 
umn bottom at the rate of 51 60 kg per hour. 
[0061] Then, 30 ppm of dibutyl dithiocartamic acid 
copper salt and 200 ppm of hydroquinone (each amount 
is based on vaporized amount of acrylic acid) were used 
as polymerization inhibitors, and added to the refluxed 
solution from the column top and dissolved in order to 
introduce. In addition, 0.3 volume % of molecular oxy- 
gen based on vaporized amount of acrylic acid was add- 
ed from the column bottom of the distillation column. 
[0062] The crude acrylic acid solution drawn out from 
the bottom was introduced into the strainer, and the re- 
sultant solution from the strainer was circulated to the 
returning inlet at the rate of 860 kg per hour by use of a 
column bottom solution forwarding pump. In addition, a 
portion of the solution from the strainer was forwarded 
to a forwarding pipe and recovered outside at the rate 
of 4300 kg per hour. 

[0063] After the distillation column was operated for 
90 days continuously in this operating condition, astable 
operating state was obtained all the time. After stopping 
the operation, it was not detected at all that solid prod- 
ucts were attached to a column bottom solution drawing 
out outlet, the column bottom solution forwarding pump, 
the circulating pipe and the reboiler, respectively. 

Comparative Example 1>. 

[0064] An acrylic acid solution was distilled in the 
same way of Example 1 except that the solution from 
the strainer was not circulated to a returning inlet but the 
whole solution was forwarded to the forwarding pipe. 
[0065] The operation was stopped on the 25th day be- 
cause shell pressure of the reboiler was detected to rise 
in operation. As a result after checking, it was detected 
that solid products were attached to a column bottom 
solution drawing out outlet, the column bottom solution 
forwarding pump, the circulating pipe and the reboiler, 
and especially among 31 0 pieces of all the tubes of the 
reboiler, 1 07 pieces of tubes were blocked with the solid 
products. 

<Example 2> 

[0066] Crude butyl acrylate was distilled with a distil- 
lation column (equipped with 20 pieces of dual flow 
trays) having 1.2 m column diameter. The distillation col- 
umn comprises a refluxed solution supplying pipe at the 
column top and a treating solution introducing inlet at 
the column bottom. The column is equipped with a 
forced-circulating horizontal shell and tube type reboiler 
(innertube diameter: 30 mm, tube length: 4000 mm, and 
tube number: 70 pieces), and a process fluid passes in 



a tube of the reboiler. In addition, the column is equ ipped 
with a circulating route for a treating solution and a 
strainer. 

[0067] Crude butyl acrylate (butyl acrylate: 97.5 
weight %, butyl butoxy propionate: 1 .8 weight %, and 
others: 0.7 weight %) produced by esterification reaction 
of acrylic acid and butanol was used as the treating so- 
lution. The treating solution was supplied into the col- 
umn bottom at the rate of 4700 kg per hour. Butyl acr- 
ylate distilled from the column top was supplied into the 
column top at the reflux ratio of 0.3. The distillation col- 
umn was operated at operating pressure of 70 hPa and 
at column bottom temperature of 90 °C. Purified butyl 
acrylate not containing high boiling impurities was dis- 
tilled from the column top at the rate of 4500 kg per hour, 
and butyl acrylate containing concentrated high boiling 
impurities was drawn out from the column bottom at the 
rate of 400 kg per hour. Then, 150 ppm of hydroquinone 
monomethyl ether was added to the refluxed solution 
from the column top and dissolved in order to introduce. 
In addition, 0.3 volume % of molecular oxygen based 
on vaporized amount of butyl acrylate was added from 
the column bottom of the distillation column. 
[0068] A treating solution drawn out from the column 
bottom of the distillation column forcedly, was caused to 
pass the strainer with a pump placed at a circulating 
pipe. A portion of the solution passed the strainer was 
circulated to the column bottom at the rate of 200 kg per 
hour, and a portion of the residual solution was forward- 
ed to a forwarding pipe and recovered outside at the rate 
of 200 kg per hour. 

[0069] After the distillation column was operated for 
60 days continuously in this operating condition, a stable 
operating state was obtained all the time. After stopping 
the operation, it was not detected at all that solid prod- 
ucts were attached to a column bottom solution drawing 
out outlet, the column bottom solution forwarding pump, 
the circulating pipe and the reboiler, respectively. 



[0070] Crude butyl acrylate was distilled in the same 
way of Example 2 except that the solution passed the 
strainer was not returned to a returning inlet but the 
whole solution was recovered outside. 
[0071 ] The operation was stopped on the 21 st day be- 
cause shell pressure of the reboiler was detected to rise 
in operation. As a result after checking, it was detected 
that solid products were attached to a column bottom 
solution drawing out outlet, the column bottom solution 
forwarding pump, the circulating pipe and the reboiler, 
and especially among 70 pieces of all the tubes of the 
reboiler, 22 pieces of tubes were blocked with the solid 
products. 

[0072] Various details of the invention may be 
changed without departing from its spirit not its scope. 
Furthermore, the foregoing description of the preferred 
embodiments according to the present invention is pro- 
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• vided for the purpose of illustration only, and not for the 
purpose of limiting the invention as defined by the ap- 
pended claims and their equivalents. 



Claims 

1 . A column treating process, which comprises: intro- 
ducing a treating fluid in a treatment column, carry- 
ing out physical and/or chemical treatment of the 10 
treating fluid in the treatment column, taking out a 
portion of a fluid after the treatment from a column 

top side, and drawing out a residual fluid that is not 
taken out from the column top side but is left from 
a column bottom side, '5 

wherein: with advancing the treatment in the 
treatment column, the process further comprises 
performing continuously: 

8. 

step (a) of drawing out the treating fluid from 20 
the column bottom side outside the treatment 
column, 

step (b) of removing solid impurities from the 
treating fluid drawn out in step (a), and 
step (c) of returning the treating fluid, from 25 
which the solid impurities are removed in step 
(b), to the treatment column. 

2. A column treating process according to claim 1 , 
wherein the treatment column is any one of a distil- 30 
lation column, an absorption column, a stripping 
column, an extraction column and a collection col- 
umn. 

3. A column treating process according to claim 1 or 35 
2, wherein step (c) includes returning the treating 
fluid, from which the solid impurities are removed, 

to the column bottom side of the treatment column. 

4. A column treating process according to any one of *o 
claims 1 to 3, wherein step (b) includes removing 

the solid impurities by filtrating the treating fluid. 

5. A column treating process according to any one of 
claims 1 to 4, wherein the treatment is included in 45 
a production process for (meth)acrylic acid or 
(meth)acrylic acid ester 

6. A column treating process according to any one of 
claims 1 to 5, wherein step (c) includes returning a so 
portion of the treating fluid to the treatment column 
and forwarding a remaining portion of the treating 
fluid as the residual fluid. 

7. A column treating apparatus for carrying out the col- 55 
umn treating process as recited in any one of claims 

1 to 6, which comprises: 



a treatment column, in order to carry out the 
treatment of the treating fluid in the treatment 
column, 

an introducing inlet, placed in the treatment col- 
umn in order to introduce the treating fluid, 
a taking out outlet, placed on the column top 
side of the treatment column in order to take 
out a portion of the fluid after the treatment, 
a treating fluid circulating route, placed on the 
column bottom side of the treatment column in 
order to draw out the treating fluid in the treat- 
ment column outside the treatment column and 
to return the treating fluid again to the treatment 
column, and 

an impurities-removing portion, placed in the 
circulating route in orderto remove the solid im- 
purities from the treating fluid. 

A column treating apparatus according to claim 7, 
which further comprises a forwarding portion, 
placed on the way of the circulating route down- 
stream from the impurities-removing portion and 
branched off the circulating route in orderto forward 
a portion of the treating fluid as the residual fluid. 
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